ABSTRACT: Chagas disease represents a significant public health problem in Mexico. In the state of Hidalgo, studies on the presence of triatomines are scarce and restricted to a few locations. To determine the risk of transmission in the state of Hidalgo and stratify the vector potential, the distribution of Triatominae was surveyed from 2015 to 2016 in collaboration with primary health care services and local communities. A total of 570 specimens was collected in 278 houses in 25 municipalities. The species of Triatominae detected were T. dimidiata with 391 samples, T. mexicana with 159 samples, T. gerstaeckeri with 17 samples, and T. barberi with three samples. The samples were collected in domestic and peridomestic areas. The general index of natural infection was 9.8%. Indices of colonization and crowding were determined for species and municipality and results were variable. Journal of Vector Ecology 44 (1): 179-186. 2019.
INTRODUCTION
Chagas disease is caused by the protozoan parasite Trypanosoma cruzi. In Mexico, Chagas disease is endemic in various regions, affecting several species of mammals; thus, it is considered an important zoonosis (Dumonteil et al. 2002 , Ballesteros et al. 2018 .
In Mexico, 32 triatomines species have been described. It is one of the countries with the greatest diversity in triatomines and the genera Triatoma and Meccus are considered the most important. All species have been found to be naturally infected with T. cruzi (Galvão et al. 2003 , Cruz-Reyes and Pickering-López 2006 , Ramsey et al. 2015 .
There are few reports of the distribution of triatomines in the state of Hidalgo and the role of triatomines as vectors of Chagas disease. According to data from the 1992 serological survey, a seroprevalence to T. cruzi of 1.5% was reported for the state of Hidalgo (Velasco et al. 1992) . In 2010, a prevalence of 0.7% was reported in the blood bank of the Hospital General de Zona y de Medicina Familiar (HGZMF) of Pachuca de Soto, while for three municipalities in the southwestern part of the state, a prevalence of 3.8% was reported. However, the real prevalence in the state and in the country is unknown (Becerril-Flores et al. 2007 , Novelo-Garza et al. 2010 .
The presence of four species of triatomines in the state of Hidalgo has been described: Triatoma barberi Usinger 1939, T. dimidiata (Latreille 1811), T. mexicana (HerrichSchaeffeer 1848), and T. gerstaeckeri (Stål 1859) (Cruz-Reyes and Pickering-López 2006, Salazar-Schettino et al. 2010 ). All four species have been found to be naturally infected. The exact distribution of each of the species, as well as the entomological indices and therefore the risk they represent as transmitters of T. cruzi in the state of Hidalgo, are unknown (Becerril-Flores et al. 2007) .
The objectives of this study were to determine the distribution of Chagas disease vectors in the state of Hidalgo, surveyed during one year in collaboration with Laboratorio Estatal de Salud Pública (LESP) de Hidalgo, to determine what species have adapted to human dwellings and to determine the level of natural infestations in the triatomine bugs collected.
MATERIALS AND METHODS

Study area
Field work was carried out from April, 2015 to May, 2016, in 25 municipalities that belong to eight sanitary jurisdictions of the state of Hidalgo, where an entomological study of triatomines is carried out for vector personnel.
The municipalities of Hidalgo where the search was conducted and the sanitary jurisdiction to which they belong include the following: Tlahuiltepa (Jurisdiction 3 Tula); Huichapan and Tecozautla (Jurisdiction 4 Huichapan), Chapulhuacán, Pacula, Pisaflores, and Zimapán (Jurisdiction 5 Zimapán); Nicolás Flores and Tasquillo (Jurisdiction 6 Ixmiquilpan); Eloxochitlán, Metzquititlán and Metztitlán (Jurisdiction 8 Metztitlán); Huazalingo, Lolotla, Tepehuacán, and Tlanchinol (Jurdisdiction 9 Molango); Atlapexco, Huautla, Huejutla de Reyes, Jaltocán, Orizatlán, Xochiatipan, and Yahualica (Jurisdiction 10 Huejutla); and Huehuetla and San Bartolo Tutotepec (Jurisdiction 13 Tepehua). Each sanitary jurisdiction studied has personnel to search for triatomines who have been trained under the same instructions (NOM-032-SSA2-2014). The search was carried out during all the months of the year, in the places where the inhabitants have reported the presence of the insects.
The state of Hidalgo is located in the eastern region of the country. It is bordered on the north by San Luis Potosí and Veracruz, on the east by Puebla, on the south by Tlaxcala and the Estado de México, and on the west by Querétaro. Hidalgo consists of 84 municipalities; however, it has been divided into ten social and cultural geographic regions. These regions are based on the presence of three physiographic features: Sierra Madre Oriental, Eje Neovolcánico, and the Llanura Costera del Golfo del Norte, which provide each region with a different climate, flora, and fauna. Due to the topography of the state, there are three types of climate according to the region: tropical climate, dry climate, and temperate climate. The state has a mean annual temperature range of 12° C to 18° C. Rain occurs mainly in summer with a mean annual rainfall of 800 mm.
Collection of triatomines
An entomological survey was carried out with the help of vector control personnel after the informed consent of the head of the family. The triatomine bugs were collected directly during the day in the domicile and peridomicile. An average sampling effort of one person searching for bugs for one hour per house was applied. The insects were placed inside plastic containers properly labeled with date and site of collection (domestic and peridomestic), locality, and municipality. The insects from the sanitary jurisdiction were sent to LESP of Hidalgo for further analysis in the laboratory.
Triatominae identification and T. cruzi infectivity
All specimens were classified according to the keys of Lent and Wygodzinsky (1979) and incorporated into the triatomine colony in the laboratory. Live bugs were fed on New Zealand rabbits to stimulate spontaneous defecation. Samples of the bugs' feces were collected and observed by microscopy for possible infection with T. cruzi. In the case of dead insects, it was not possible to determine the infection due to their state of rigidity and desiccation. Specimens containing T. cruzi were stained with Giemsa and identified by morphological features (Schmidt and Larry 2000) .
Data analysis
To estimate the risk of infection, the following entomological indexes were determined: infection (percentage of T. cruzi infected triatomines), colonization (percentage of houses with the presence of nymphs), and the crowding index (rate of triatomines found in dwellings) according to Silveira et al. (1984) at the locality level for each species.
RESULTS
A total of 570 specimens was collected in 25 municipalities of the state of Hidalgo, representing 30% of all the municipalities. Table 1 shows the municipalities and geographical localization of the insects collected. The majority, 421 of the 570 (73.9%), were adults, 157 (27.5%) were female, 264 (46.3%) were male, and 149 (26.2%) were nymphs. Table  2 shows the total numbers of the samples collected, species, stage, and number of infected triatomines. Four species of the genus Triatoma were collected in total: T. dimidiata with 391 of 570 samples (68.6%) was the most abundant species and the most highly distributed in 12 municipalities, followed by T. mexicana with 27.9% (159/570) present in nine municipalities, T. gerstaeckeri with 17/570 samples (2.9%) in seven municipalities, and T. barberi 0.5% (3/570) was the least distributed, present in only two municipalities ( Figure 1 ).
Sympatric populations were located in five municipalities: 
90(-) ♀: female, ♂: male, N: nymph, (+) positive, (-): negative, ud: undetermined.
in Huehuetla, Huejutla de Reyes, and San Bartolo Tutotepec municipalities, T. dimidiata and T. gerstaeckeri were present; in Tlahuiltepa municipality, T. mexicana and T. gerstaeckeri were present; and in Metzquititlán municipality, T. barberi and T. mexicana were present. Triatomines were collected in domestic and peridomestic areas. A total of 278 households was reviewed. We found triatomines in the intradomicile of 258 (92.8%) households and in the peridomicile of 20 (7.2%) houses. In the domestic area, triatomines were collected on the walls of 199 houses, in the bedroom of 25 houses, and in other places of 34 houses. In the peridomicile area, the insects were present in corrals and barns of seven houses and in the yard and around the 13 houses.
The four species were captured in both areas: 524 (91.9%) samples in the domicile and 46 (8.1%) in the peridomicile. T. dimidiata was found frequently in domestic areas with 388 (68%) samples, followed by T. mexicana with 118 (20.7%), T. gerstaeckeri with 17 (3%), and T. barberi with two (0.3%) samples. T. mexicana exhibited the greatest number of samples in the peridomicile with 41 (7.1%), followed for T. dimidiata with four (0.7%) samples, T. barberi with one (0.2%) sample. T. gerstaeckeri was only found at home. The general index of natural infection (INI) was 9.8% (56/570). T. gerstaeckeri is the species with the highest infection index of 23.5% (4/17) and T. mexicana had the lowest index 1.9% (3/159) ( Table 3) . According to municipality, Huehuetla presented the highest index with 41.6%. In contrast, eleven municipalities present the lowest indices with 0% (Table 4) .
The colonization index according to species was higher for T. dimidiata but lower for T. mexicana and T. gerstaeckeri (Table 3) . According to municipality, Huejutla de Reyes had the highest colonization index with 51.6%. In 15 municipalities, the colonization index was 0% (Table 4) . T. dimidiata and T. gerstaeckeri demonstrated a similar crowding index (2.2 and 2.1, respectively), while T. barberi had a lower index (Table 3) . According to municipality, Xochiatipan exhibited the highest index of 2.7 and ten municipalities demonstrated an index of 0 (Table 4) .
DISCUSSION
The presence of triatomines in the state of Hidalgo has been infrequently recorded. The current distribution of these species, as well as the entomological indexes and the risk of infection that they can represent for the state, is not well known (Becerril et al. 2007 (Becerril et al. , 2010 .
In the present work, the search for triatomines was carried out in 25 municipalities in the state of Hidalgo; four species of triatomines were found: T. dimidiata, T. mexicana, T. gerstaeckeri, and T. barberi, which had been reported previously by other authors (Zárate and Zárate 1985 , Galvão et al. 2003 , Salazar-Schettino et al. 2010 , Becerril et al. 2010 .
The species that was found most frequently was T. dimidiata. This species was reported for the first time in the state of Hidalgo in the year 2000 in a study that found triatomines in 11 municipalities, nine of which were surveyed in the present study, and that reported the presence of T. . T. dimidiata also had the highest colonization rate and crowding index as well as the second-highest infection index, and it was the species with the highest number of specimens collected, showing the risk of infection that it represents for the state of Hidalgo. In a study conducted in the town of Caltimacan, Hidalgo, T. dimidiata showed an infection rate of 6%, which is a lower percentage than the rate obtained in the present work of 12.3% (Becerril-Flores et al. 2007 ). However, in the present study this species was not collected in this locality and this may explain the variability of results. Infection rates vary in other states where T. dimidiata is distributed. In Yucatán, a 34% infection rate has been reported; in Oaxaca, a 3.7% rate has been reported; and in Veracruz the infection rate varied from 2.7% to 11.6% according to locality (Ramsey et al. 2000 , Dumonteil et al. 2002 , Sandoval-Ruíz et al. 2014 . T. dimidiata also had the highest colonization rate of the four species collected, higher even than the rate reported for three municipalities of southwest Hidalgo (30%) (BecerrilFlores et al. 2007 ). In other states, the reported colonization rate is lower, for example, in Yucatán, the colonization rate is 18%, considering that it is the main vector in the state of Yucatán (Dumonteil et al. 2002 , Becerril-Flores et al. 2007 ). The different percentages of infection show the adaptations Yahualica 0* 0* 1 Zimapán 0 0 3 *≤ 2 samples +Infection natural and colonization indexes are expressed as a percentage, crowding index was calculated= number of captured triatomines/no. total of houses with triatomines. of this species to human habitation and to the variety of ecosystems where it is distributed, showing the risk for which the population of the state is exposed (Galvão et al. 2003 , Salazar-Schettino et al. 2010 .
T. gerstaeckeri was only present in seven of the 25 municipalities studied and, despite being the third-highest species in abundance, demonstrated the highest rate of natural infection. The only record of this species in the state of Hidalgo was made by Vidal-Acosta et al. (2000) , showing the species in two municipalities, Calnali and Tepehuacán, without reporting infected specimens. The present work showed a distribution of this species in seven municipalities, coinciding with the previous work only in Tepehuacán, because Calanli was not sampled. The geographic distribution of T. gerstaeckeri covers ten states of the country, mainly in the northern zone. However, there is little data on their behavior; in Querétaro, a natural infection rate of 22% was described, which is similar to that obtained in this work, and, in the same way, all the collected specimens were intradomiciliary (Villagrán et al. 2008 , Salazar-Schettino et al. 2010 . Despite being the third-highest species in abundance, its high rate of infection and its intradomiciliary microhabitat make T. gerstaeckeri a risk vector for the population of the state of Hidalgo.
T. mexicana was the second-highest collected species in this work; however, it had the lowest infection rate, and the presence of nymphs was not described as colonizing the houses. This outcome does not mean that T. mexicana did not represent a risk for the population of the state. Reports of this species in the municipality of Metztitlán showed a high infection rate (50%); in the municipalities of the southwestern area of Hidalgo, reports demonstrated a natural infection rate of 7% (Becerril-Flores et al. 2007 , 2010 . In the neighboring state of Querétaro, an infection rate of 20.7% has been reported, which is ten times greater than the one reported in the present work. However, in the state of Guanajuato, where T. mexicana has also been described, an infection rate of only 2.9% was reported (López-Cárdenas et al. 2005 , Villagrán et al. 2008 . It should be noted that the two studies carried out in the state of Hidalgo presented a low colonization index; specifically, the colonization index found in the study carried out in the municipality of Metztitlán was zero. The number of nymphs collected without considering if it was at home or in the peridomicile was minimal compared with the reports in the states of Querétaro and Guanajuato, where nymphal stages have been found. These results show the behavior of these populations of triatomines. Despite being the same species, the population of Hidalgo has a predominantly wild microhabitat. The adults that were collected, which were mostly males, were limited only to the peridomicile, suggesting that they only moved in search of a feeding source. The populations of T. mexicana in Guanajuato and Querétaro have been reported mainly in the domicile and peridomicile, suggesting that they have adapted to human dwellings (López-Cárdenas et al. 2005 , Villagrán et al. 2008 , BecerrilFlores et al. 2007 , 2010 .
T. barberi, despite having the highest rate of infection and the second-highest colonization rate in this work, was only collected in two municipalities, with a total of three samples; thus, it is not a representative number to indicate the role of this species in the state of Hidalgo. It should be noted that T. barberi is considered the most important vector in Mexico (Guzmán-Bracho 2001) , with the ability to live above 2,000 m.a.s.l. and encountering high rates of natural infection (Ramsey et al. 2000 , Becerril-Flores et al. 2007 , 2010 , Rivas et al. 2018 . Reports of this species in the state of Hidalgo are limited to the municipalities of Metztitlán, Tecozautla, and Alfajayucan, which exhibit considerable rates of infestation, colonization, and infection and are predominant collections in the intradomicile and peridomicile (Becerril-Flores et al. 2007 , 2010 . The findings of this species in other states of the country also show considerable infection rates and highlight the role of this vector as a transmitter of T. cruzi (Ramsey et al. 2000 , Salazar-Schettino et al. 2010 , Rodríguez-Bataz et al. 2011 .
The results obtained in this work indicate that most of the collected triatomines are found in very well defined areas by physiogeographic regions. These regions form microhabitats in which only well adapted triatomine species can inhabit them, which agrees with other previous reports (Ramsey et al. 2015) . For example, T. dimidiata is widely distributed in the Sierra Madre Oriental and along the Llanura Costera del Golfo Norte, since this region has the appropriate altitude and temperature for this species of triatomine. On the other hand, T. mexicana is a characteristic species of central zones of Mexico. In our field collections in the state of Hidalgo, T. mexicana was found distributed along the Eje Neovolcánico and part of the Sierra Madre Oriental. These findings agree with Ramsey (2015) since the zones that form part of this region have ideal geoclimatic features for this triatomine species, which usually live in high elevation zones. T. gerstaeckeri was found in the same regions inhabited by T. dimidiata, probably because these triatomines are well adapted to live in similar habitats. In the case of T. barberi, it is known that it is a triatomine that has adapted to live in the intradomestic cycle, in regions at high altitude with generally cold climates (Salazar-Schettino et al. 2010) . In the present study, this triatomine, considered to be one of the vectors of epidemiological importance, was collected in two municipalities Metztitlán and Tasquillo (Sierra Madre Oriental), with an annual temperature range of 18-20° C with an elevation above 1,328 m.a.s.l. up to 1,698 m.a.s.l., respectively. It is possible that there is a relationship between these species of triatomines with respect to altitude as indicated by Ramsey et al. (2015) , but it is necessary to conduct more extensive studies to determine the set of physiographic factors that limit the habitat of triatomines, especially in the sylvatic environment.
It should be noted that in several municipalities studied in the present work it was only possible to obtain one or two samples, which does not mean that there are no problems of triatomine infestation. However, the search for these insects is limited to the areas considered for the health system as endemic to Chagas Disease, that is, if the reports in certain communities are low or scarce in the year, the search effort made in those municipalities is limited. These variations in the number of insects collected by municipalities have an impact on the entomological indexes, because they can be shown to be high or very low and not estimate the true risk that they represent for the population of each municipality.
Although in the present work, collections were only made in 25 municipalities of the 84 in the state, we can observe the wide distribution of the triatomines in this territory, finding specimens at different altitudes and in climates ranging from tropical to temperate. The above results show the high potential of these vectors to adapt to diverse ecosystems and therefore the risk that is represented for the population of the state of Hidalgo. It is necessary to carry out new and more extensive entomological searches, as well as the establishment of a more effective monitoring and control method for the protection of the population in the state of Hidalgo.
